Abstract-This stusdy aim at testing the psychometric reliability of the NeuroVR-based virtual version of the Multiple Errands Test (VMET). In a first experiment two independent researchers scored 11 videos, each one of a subject running the VMET. In a second experiment 7 researcher scored two videos, each one of a subject running the VMET. Results showed the extent to which a disagreement become critical in VMET.
INTRODUCTION
Recently, many researches have been conducted demonstrating the efficacy of using Virtual Reality (RV) in clinical setting, and in particular in psychotherapy, neuropsychology and neurorehabilitation. This approach is based on the use of a technology that allow to simulate daily life experiences through 3d interactive environments generated by the computer. Combining the simulation of 3D environments with audio tactile devices and immersive display like virtual head mounted display it's possible to induce in the user the feeling of interacting in a real environment and so to create situations and exercises which could help the therapeutic action, within the safe context of the therapist's laboratory. Moreover, the use of sensors of movements (such as the head tracker) allows recording user's behaviors and to use these information to improve assessment and treatment decisions [1] [2] [3] [4] [5] [6] .
Thanks to these features, VR is becoming a tool more and more employed in the neuropsychological and neuro rehabilitative fields. Within these contexts, a fundamental aim is to foster quantitative and qualitative improvements in daily life activities (ADL) in order to promote an independent lifestyle [7] [8] [9] [10] .
A fundamental feature of VR to support this process is interaction: thanks to this feature, it is possible to lead patient to interact within the simulated environment and manipulate the objects inside through the use of haptic devices and input peripherals such as the data-glove and the head-tracker. The "controlled immersion" in the virtual environment allows the patient to perform exercises specifically planned for this kind of approach (for example, to catch a virtual ball moving) and to learn again abilities compromised by neurological damages. Mobile Phone recent development further increased these possibi Iities [11] [12] [13] [14] Thanks to these features, VR make possible to satisfy the main principles of an effective rehabilitative process, like the repeated practice, the feedback on the performance and the motivation to support patient's compliance with the prescription of the therapeutic protocol.
On the other side, VR leads the therapist to constantly monitor patient's performance and to quantify his/her improvements (or relapses) giving an objective evaluation of his/her state in time. Another important advantage regards the benefits of the experience of "presence", that is the perception of the simulation as it is a real experience [10] . Many studies suggest that virtual reality is, among the interactive media, the most able one to increase the sense of presence and so to transfer abilities and competencies got within the simulated environment in the real one. These features reflect in the results of the stud ies on the assessment of the efficacy of virtual reality as a neuro-rehabilitative technology. Specifically, VR is a tool potentially very useful to rehabilitate daily life activities which require specific executive and motor functions.
For example, it could be really useful for the assessment and rehabilitation of executive functions impairments [3] . The term "executive functions" refers to a set of behavioral competencies which include planning, sequencing, the ability to sustain attention, resistance to interference, utilization of feedback, the ability to co-ordinate simultaneous activity, cognitive flexibility and, more generally, the ability to deal with novelty. The neural substrates of these competencies are considered to lie in the prefrontal cortex. These abilities play a critical part in complex social behavior, help to suppress improper actions and to focus on purposeful information. The "dysexecutive syndrome" refers to a cluster of deficits in executive functions. Individuals who suffer from executive function impairments, including attention, planning, problem solving and behavioral control [15, 16] , present problems of starting and stopping activities, the difficulty in mental and behavioural shifts, increased distractibility and difficulties learning novel tasks despite the fact that their "basic" cognitive abilities are preserved [15] . Loss of executive functions is primarily a consequence of brain injury located in the prefrontal cortex area. The most common causes of executive functions impairments are neurological conditions including frontal lobe damage due to traumatic brain injury, pervasive eNS damage such as stroke [17] and those with specific pathologies such as Parkinson's disease (PD).
On a methodological level, the assessment of executive functions under typical clinical or laboratory conditions are unsatisfactory for several reasons [18] . In such settings, planning, multi-tasking or problem solving are usually done via pen and paper tasks rather than being presented in an actual or simulated manner. There are also tools developed to measure executive deficits in situations similar to daily ones, such as such as the Behavioral Assessment of Dysexecutive Syndrome, the Dysexecutive Questionnaire (BADS & DEX) [19] the Multiple Errands Test (MET) [16] . More specifically, the MET is an assessment of executive functions in daily life originally developed by Shall ice and Burgess [16] specifically for high functioning patients and adapted into the simple version [15] and the hospital version [20] .
It consists of tasks that abide by certain rules and is performed in a mall-like setting or shopping center. After the tasks and the rules have been explained, patients are able to plan and choose the sequence of actions to complete the tasks.
In this way the executive functions stimulated are numerous, from the ability to plan a sequence of actions, to problem solving and to cognitive and behavioral flexibility.
The tester follows the participant, recording mistakes of different kinds. Scoring of the MET relates to the numbers of mistakes of observed behavior in different categories including non efficiency, rule breaking and use of strategies mistakes in addition to the partial and complete mistakes of completing a task and the total number of mistakes.
To perform the Multiple Errands Test, the user has to go with the therapist to a real mall, with walking and mobility abilities required for both reaching the target place and moving into and around the mall. This could represent a problem if the patient has motor difficulties. In addition, this procedure could take a long time, for both patient and therapist, which could instead be used for more training in the rehabilitative setting. Finally, real shop features and structure are totally uncontrolled by the therapist, so that unpredictable and potentially disturbing changes may occur when the test takes place.
In this sense virtual reality has great potential for use in the rehabilitation of everyday life activities, involving cognitive and motor functions. The use of simulated environments, perceived by the user as comparable to real world objects and situations, can overcome the limits of the traditional tests employed to assess , by keeping intact its several advantages.
The studies support the hypothesis that virtual environments are very useful in assessment and rehabilitation since they increase the ecological validity and the efficacy of actual therapies. 447 
II.

MATERIAL AND METHODS
A. VMET Scoring procedure
For specification about the VMET procedure see the paper from Raspelli and colleagues [3] . Here we just gone deeply on the scoring procedure.
When the VMET test started, the examiner showed the shop, illustrating different shop sections. Then, the researcher gave different materials: a shopping list, a list of rules, a shop's map, some information (opening and closing time, products in sale, etc.), papers, a pencil and a watch. Participants had always enough space on the table.
The researcher and the participant read together the following rules:
• you have to execute all the proposed tasks, but you can run them in any order;
• you cannot go in a place unless this is a part of a task;
• you cannot pass through the same passage more than once;
• you cannot buy more than two items per categories (look at the chart);
• take as few time as possible to complete this exercise however without hurry;
• do not talk to the researcher unless this is a part of the task;
• go to your "shopping cart" after 5 minutes from the beginning of the task and make a list of all the products that you bought.
The examiner started clocking without talking with subject not even to answer to the questions. The time stopped when the subject said "I finished". During the task the examiner took notes about subject's behaviors and he paid attention to the different variables: Errors, Inefficiencies, Rule Breaks, Strategies and Interpretation Failures.
At the end, the researcher asked some information to the participant, who had to use all materials available and/or searching freely into the shop. These questions were:
• are there spoons on sale in the kitchen products department?
• which is the closing time of the supermarket?
• fruit is sold on how many shelves?
• how many departments are there in the supermarket?
The variables were coded as following. Inefficiencies: defined as a failure to do more than one thing in one place when is the only place to accomplish that task.
Rule Breaks: defined as anything that violates the rules listed in the MET task list.
Strategies: Examples of the 13 strategies are planning before starting the tasks and marking off the tasks completed.
Interpretation Failures: insight into the type of errors and interpretation failures experienced by the subject in the testing situation.
B. Reliability Experiments
VMET is a test that might strongly depends on the scorer interpretation. To assess the variability among different scorers that came to use this test, we did two experiments:
First experiment: we asked to two independent scorer to score 11 videos, each one of a subject running the VMET.
Second experiment: we asked to 7 researcher to score two videos, each one of a subject running the VMET.
At the end of each scoring a researcher inserted data scored into a database for the statistical analysis.
III.
RESULTS
There are several methods and measures that can be used to calculate the test reliability [21] . For the First Experiment, with two scorer we used the following measures:
Intra-class correlation coe f ficient (ICC), a measure of reliability, was used to assess the two observers agreement.
ICC can be computed using a one-way or a two-way model.
Lin's concordance correlation coe f ficient (CCC) is the
Pearson coefficient of correlation, and assesses the closeness of the data. [8] [9] [10] [11] [12] [13] It is used to represent a Concordance Correlation Plot to measure the fit.
information-based measure of disagreement (IBMD)
provides a useful tool to compare the degree of observer disagreement among different methods, populations or circumstances [18] . For the second experiment previous measures are critical, so we used the following: A corrected measure of disagreement denoted "corrected information-based measure of disagreement" (CIBMD) [18] based on the Shannon's notion of entropy [19] , defined as the average amount of information contained in a variable.
Results of First Experiment are reported in Table I . IV.
DISCUSSIONS
The use of virtual reality (VR) in clinical psychology has become more widespread [22] . The key characteristics of virtual environments for most clinical applications are the high level of control of the interaction with the tool, and the enriched experience provided to the patient [23] . Typically, in VR the patient learns to cope with problematic situations related to his/her problem. For this reason, the most common application of VR in this area is the treatment of anxiety disorders, i.e., fear of heights, fear of flying, and fear of public speaking [24, 25] . Since the clinical use of Virtual Reality has become more widespread, there is always more request of reliability and validity for the VR-based tests.
Our results showed a good reliability of the VMET Test.
Even if a more extended data collection is needed, these results seems to be highly encouraging. Studies that make use of VMET scoring as here indicated can also consider to have just one scorer for their tests. 
